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Comparative analysis of discrimination methods for seismic liquefaction of sand
based on in-situ tests
ZHANG Lin

(Design Institute of Civil Engineering & Architecture, Dalian University of Technology, Dalian 116023, China)
Abstract: At present, the formula for discriminating seismic liquefaction in foreign countries is mainly based
on the simplified method proposed by Seed and Idriss, which compares the relationship between cyclic stress ratio
(CSR) and cyclic resistance ratio( CRR) to determine whether liquefaction is possible. Historical seismic liquefaction
data of in-situ tests are mostly utilized for fitting in the calculation of CRR, which makes the fitting formula of
different scholars quite different. In view of the above differences, the in-situ test data of a foreign port project are
selected in this paper, and a comparative analysis is conducted between the liquefaction discrimination method
recommended by the US National Center for Earthquake Engineering Research ( NCEER) and the discrimination
method of Boulanger and Idriss. The following conclusions are drawn: 1) The standard penetration test( SPT) reveals
that the two methods have little difference in safety factors. The results of the cone penetration test( CPT) indicate
that the method of Boulanger and Idriss is conservative. 2) The NCEER method has high reliability for predicting
seismic liquefaction, while the method of Boulanger and Idriss has strong engineering adaptability. 3) In the design

of relevant foreign projects, two or more methods should be used for calculation and mutual verification.
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TEHb RS L T iz S i R, A ANED 1 £ L BK e, M 20 th2d 60 AR TF s, A8 F
J 3388 5 1 7S A 470 B i F8E 9 B2 e AR 5 e WD Y MARGER) TR I LN X — R I, AT
KAMELLRS, BB A R 1L T%, NA P8 - SR A 0 531 T vk L TN AL e SR 5 1

fs BHE: 2021-07-22
TEERN: RAK(1990—), B, ME, TRIF, KNFEho Ll TRE, Fi9 T,



% 4 8 KoMK R T RALRIE G A £ 3 E R AR A T ik AT e AT - 173 -

RGP A DG TR AR 5 Y vk 2 Al DR A
RIGHATIHH

FHF 051 - W Ak 9 S A 18 56 A A o B A R
TR (SPT) | # g 98 (CPT) | By Pk
FERE (v,) o DL 5 AGR R (BPT) K sl fi 45
5 (DPT) %, X JUFN 5 ik N oh 2 5 5 i
TR R AR 5, AR JE A7 3 50 3 R
IF) %) ]l 0 25 2 B - 182 % PR iR g
it SPT, CPT, v #EATWALFIRN 52K
A2 B SR & & % ; BPT, DPT Af
FTORE LA ], 78 W AT i il
R ZAK T SPT Al CPT,

HRAE R, XAk T 8 1 1 1EA 220
I A 45 B o o BT B o B0 56 (SPT) B ) fi
PRIAES (CPT) M 525 28 N a8 0k 422 43 A it
2R, ARSCEEXS AT E /MRS R SPT & CPT
PRI AT, AARGHESN TR LA 4

1 ER#HE

TR AL 0 1 WA X F B AR SPT >k
P, B/ CPT, SPT 5 4E 8o H 5 4 HE Wk
fRbET 2 (8] B B B CPT o |, NIz,
I CPT A SE . w22/, HEvE AR A |
SIARER R AW T, YA A SR )RRE, H
WEAEHEAT T A BB, R 2Ry i g
BB, AR TR Z R BRI AL, IR B
P REAE t, I8/0 HRR WRA X T AR AR Y f
1.1 Bl s A kRS B0 (SPT)

<i§f*%LEeuzvfiL«a>” AR P R B
WFAEAY . B RS R FEAERE R R
JE AR K A7 T fz@%%%m%ﬂﬁm%ﬁ%
HATRACR . A R, AEHLTH T 20 m REEYE
I, RARYE R Uit ae .

N.=NB[In(0.6d +1.5)-0.1d 1./3p. (1)
L N AR ST A O FE; NyoR
WAL B AR BT A o B R o A R A AR
HEFALTEE (m) 5 d, WHT KA (m) 5 p A FERL
THEAMNR, MNT 3% RS L, R 3%

B A HEE A

AN AR UE DY AR T A (RS KB IE) /)
TEEETN, I, WFECWAL A, X ETE AL 1
I i = B S IV 730 N e =Y R i a1 D
FE, IEFREMAL R SO A AL SR 9, AR ALY
7 E R B SR ORI A BT VR AL i
1.2 #JfA5: (CPT)

Cr R TR E ARG ) S TR AT CPT (9]
SIEALI A 20, %A S M8 H = AN ) 2 XY
RGO, 0 R BOE e A s ey, 5
W5 LB AR ) P s SE 3+ 2R BH 1 g /N T
WAL FHE P, 5, N, BEFU Akt

2 ESMIBIAE

T S0 5 A 2 X F R T Seed Al
Tdriss > $2 BRI 7, 1996 4F, Youd %19 52
BAET AW EF = TRV .0 (NCEER) £
MBI 2, BB T 3 25 10 AR & R, B
TR RGeS A e, B RE 43 O¢ T Hh R Wi Ak
SIS SCIR 08 F NCEER #EF 14 Seed 1 Idriss
75 Boulanger 1 X LR PE + 1Y CPT F1 SPT W
RV ik 04T T OB E oY, B T G O ik,
BT — S ANE T

FRERN PR R R 2, R
ZHEIUAEA TR, THE A XSRS SPT Al CPT £1
P, TR AIEARN T CSR FEFAHT T L CRR,
M ZRFS KT 125 ) Ak H)2 ARk,

3 NCEER Fi%
31 EEFRBEFS

FS=(

CSR) -MSF K, (2)

K. MSF MY LEIN 5 K, B A 3% T
BIERE; CRR,  WHIERYN 7.5 H(HER)
HIPEERTT I L s CSR AR S,
S WI RE  L 5] TR S 3 ok
XoF INE B TG PRk A i AR SR P it 2k Y CSR B BR
PL1S ASIEAEE (AT 7. 5 e ) 15301

N ER Y



. 174 - KB I 2

2022 %

Idriss 55" X R L B ] 7 kAT THEIT, R
A5
MSF = 10>*/M** (3)
Kb MOHRFERRYL,

1.0 T T T T
T ¥ Q
e & L 3
08 2 a0 T
= = S =
06 l l l } -
o
172]
Q
04+ .
1.32 T T T
1.13
02+ .
l l ‘-100 0.89
0
1 6 10 15 26 100

(1005) %M AR FEA UKL/ IR

1 CSR 5ESBHUER Yz BHRREXR

RAEA(3), CSR 5FBORAMIEAREZ
] AR ME X R LA 1, NCEER R AR (3)
AL MSF, (X FRES/NT 7.5 R, AR
(3) B RS, NCEER ¥ HAE R FRME, -
BB DU 23R ) Andras'® (95 15, AN [RIRFFSE 3% o
SCHY LA R B LR 1,

Hynes 551" G5 A0 BT T — A0 K808
MK, EBUER AL S AR A R,

0_/ f-1
Kﬁ[ j (4)

P

K o, W ERITTFERELA AN 1. PR LA
PRER SRR ; FHXTEED TE 40% ~ 60% T f=
0.7~0.8, FIXFEEED 1E 60% ~80%Hf, f = 0.6~0.7,

®1 ARAREEXHLLGIEFE

M M Seed Fl Idriss  Idriss Fl1 Youd  Andrus il Stokoe ~ Ambraseys Arango Youd Al Noble
FFEE  HETEeRE  P,<20% P, ,<32% P, <50%

5.5 1.43 2.20 2.80 2.86 3.00 2.20 2.86 3.42 4.44
6.0 1.32 1.76 2.10 2.20 2.00 1.65 1.93 2.35 2.92
6.5 1. 19 1.44 1. 60 1. 69 1. 60 1.40 1.34 1. 66 1.99
7.0 1.08 1.19 1.25 1.30 1.25 1.10 1. 00 1.20 1.39
7.5 1. 00 1.00 1. 00 1.00 1.00 1. 00 - - 1.00
8.0 0.94 0.84 0. 807 0.67 0.75 0.85 - - 0.737
8.5 0.89 0.72 0. 657 0.44 - - - - 0.567
W RARAE; P, RRKERLMBRE,

3.2 TEHRIIHE(CSR) y,=1.0-0.007 65z  (2<9.15 m) o

A2 E KT CSR AT RS EA—2L, Bt
TBCE K-t A7 A — A FA B 58 B A JEE Y £
B, T A AR R A A N SRR a,,, BKF

o

g, TR KT ir =ma, = g ‘a,.. H

FTHARARG R LURIE R, NI 250 AR 1
AR Ky o [RIIE BN 7 R AN R AR AR, R A
BOF RIS A R K J17,,=0.65 7, , 1FE]
A (5):

T Ao 0,

CSR=—"-=0.65-—"+—"+y, (5)
O- g a-\'o

vo

R, a,, WHTEHEMESE; o, 0+
RIS RE T s ¢ AT

A VRIE 1 Ry, TG PSR, AR Lino
AT 0y, ST A

y,=1.174-0.026 7z (9.15 m<z<23 m)
K, 2 BRI RIE (m) .

T z>23 m BIENL, EWNAMEESS T
e 25 A, Robertson "IN Ay, =0.744 -
0.0082(23 m<z<30 m), HIZAR = KIF,
NCEER WA FHERE
3.3 {EHHLIIL(CRR)

SUEHN T AR, 8P BL ) LR R
7 581 35 T T A7 4 56 b R VA B AT LA
A2 LA A R AT SHR BR X,
3.3.1  BRiEST A RS HGRL (SPT)

Seed 45 LT Iy sh BUHE 22 1 19 CRR FIL(N,) o
KARMEILE 2, MK 2 /A, Bl B0k
fin, CRR BRI, XA A5 g A ) i 3
s 5T AR 5 R M ANE R . NCEER 7RIS
filf b, X TEAR(N, ) AL h 2 il 22429 0. 05,



% 4 8 KoMK R T RALRIE G A £ 3 E R AR A T ik AT e AT - 175 -

0.6 8,

S ser sz

FC=5%
ZRMEITH P EALE
BB E=5%) @
G AR U ST | 27 U4
ZRMAE g

P Ei?]i%ﬁl}j% . ° °
~ NcEERgig g 1A 4 . |
0 10 20 30 40 50 60
(NDeo
B2 EFRURGIHEHENT 5 KE
SPT 4Ry E Al ph 2k

NCEER #E##R F Rauch FI2A 3 (7) A K 2
I hR .

1 i(N1)ﬁo
34-(N,), 135

50 1

[10+(N,) +45]% 200 )
K. CRR, S HHIERI R 7.5 P (FHEH) B9
BT (V) o M4 S50 57 AT B 12 18
fiEA 100 kPa ., RERLLL A 60% bRt 5T A ik,

AT IEHT(N,) <30, FFT(N,) =30,
T BURCR T B ROK, AReWAL, w2
R

X2 H FC (AR & 1) KT 5% a0,
NCEER ZBCRH T 20 (V) o BIE R (N,) g, LA
(N)) g0 TV (V) o T A(T) THE

(N)) g =a+B(N}) (8)

K, a5 HIHESE, WRIER S8R5
BB TR, B FC<5%, a=0, B=1; 34
FC=35%, a=5, B=1.2; Y 5% <FC<35%, a=
exp [1.76-(190/FC*)], B=0.99+(FC*/1 000)

R T 4IRS BESS RO (N)) o FSE RN, —LE4Y
W SHABLSFEIBN(N,) BUH, (N,) o AT,

(N,) =N, CyCCyCrCs (9)

Krpe N AEFRE T A TR Cy ARHETT AR
BB IE R EL; C, R BB it LU AR IF R4 (ER) ;
C, NELERIBIE RE; Co T RALIE &5 C
S TS BN RS I EBURE 2R DA IE R AR

NCEER RHIHIE SCHENT T Cy<2.0, {Hix
B HETE AN s Oy I KA BRI AE 1.7, MR4E Liao

CRR, =

1 Whitman, C,H LI TFARIIE .
p oS
e[ 2] (10)
o

vo

Kayen LT T/A\\it( 11), NCEER AR
R (1) EEA Seed Fl Idriss %5 8 E IR LA L

Coo 22 (11)
YU (1.2+0! /P,)

AN AR AT O TR R X
A IE RS % SR 8] .

332 #JERIAE (CPT)

Robertson Fll Wride 245 CPT 4l 2: 1) CRR
Mk (FC<5%) WK 3, BSRAHIEHE SO A 1E
FHRE N —M, (BAR HE 5% RIS, iz ih 2 1k
DEAR=

CRR, 5=0. 833 ().
' 1,000

}+O. 05

((qun) . <50)
(12)

CRR7 S — 93 (qzrlN) cs
) 1 000

3
] +0. 08

(50=<(qg.y) ,<160)
KA (qay) o WAL RY B — AL HEISFH 1. 2
(Gay) KT 160, WA L ZARMAL

0.6 -
M=15 0.25 mm<D,;<2.0 mm
FC(%)<5
CPTHHS LR £
AA
AR
A A
o o8&
o q°
20
Lig. No Liq.
NCEER(1996) Stark & Olson(1995) e o
TAE4L | Suzukietal(1995b)a A
0 50 100 150 200 250 300

BECTPHESRBH 1,
B3 BT CPTHIEMHELW R EIE
& CRR WHER &
IH— A HESRBE T g, MR TE CPT M= g, 1155,
FFAR R L SRR R B A TALOE
(qon) o =qan K. (13)
qaxv=C,(q./P,) (14)
K g HA—IHERBE T C, N HEIRRBE 14—



- 176 - K iE T A

2022 %

CREL, C = (P /o))" q. h A HESRB 5
K HORLRR R BB IE 7, AR R FE bR 5
B A, R <1.64 MK =1, {HFI >1.64
MK, =-0.403I*+5. 5811 -21. 63°+33. 751 ~17. 88
n b+ IR ASE ) Fe L, Btk =1, 4l
b n=0.5, By - MK - n fE0.5~1.0
HH

I.=+/(3.47-1gQ)*+(1. 22+IgF)* (15)

0=[q.~0,)/P,](P /o))" (16)

Fz( . jxlOO% (17)
q.=0,

s 1o AR RUIR AR 28 £ I BE JEE B T 5
Q HH— TR 5 F A — AR R L

BT CPT W (q.) 5, ERREX S 5
B R n=1, WFI >2.6, W84 R 5
+, ICHHARERL, TR Wik <2.6,
A2 A3 nT e BRI, FFE TR,

R n=0.5, R <2.6, A48T
+, L, WL >2.6, FIERTREEMTY,
WATRERPER, T ERiTHE,

Bi% n=0.7, BEGHMIL, S5H1H, #8580
FIJ5, W33 C, FK, . Robertson # Hi iy 3 T
CPT iy H2RAUDLIE 4,

1000

rrrrrm
<
-
o
7%
%

&

100

T TTTITIT
=

T
e

1 L1111l 11 1111
0.1 1 10

F
e 1L REARL L 20 AT 3. Bt BIBHE--H
d4 BLIREW. BEM-BEF L 5 DREY:
MR- By ;6. Wb AUVREN-BR D 7. BRED-UE LD
8. AR MR- Lib; 9. WAFANED,

4 Robertson 32 HFIEF CPT F9 L 2K E

4 Boulanger #0 Idriss 75 3%
4.1 ZARFEFS MIEHN ] (CSR)

Boulanger 1 Idriss i) FS 1 CSR Ay AR5
NCEER #[d], {H MSF . y,. K, BUaAI,

M
MSF=1+(MSF,_~1) [8.64~exp(4)—1.325} (18)

A, MSF,, WS G F LR, 4T cPT
(ch) cs

3
i, MSF,,W=1.09+{ } <2.2, % T SPT

N
5, MSF,, =109+ V) g
' 31.5

2
J <2.2; M NHZE

e
NCEER 777 MSF {U 594 5 ; 1 Boulanger
M Idriss 7HAH MSF (R T 5 RBAA X, £ 5
(o) o TN, oo A K0 M M <T.5, (qeiy) o =
180 T (N, ) .. =31.5 i, Boulanger Al Idriss 1154
() MSF fi/N, FS IRARSE
7 138 2 B AR A =
Yo=exp [a(2) +B(z)-M] (19)
K. a(2), B(2) NIRE 2z HKMWITHE S,
zZ

=-1.012-1. 126 si
a(z) 0 6 s1n(11‘73

+5. 133) , B(2) =

z
+5.142 |,
1.28

0.106+0. 118 sin(1

NCEER J5 VAL % & T W & 09 5% mw,
Boulanger Fl Idriss % & T SRR IWEIE, THHE K
K, X M=7.5 IEN, SIREKRKT 9.15m
i}, Boulanger Fl Idriss 1154 )y, B . KT NCEER
T, 2l CSRAMK, FS fr/)h,

1A BRI BIE R B LU AR

K, = l—Cc,ln(am) <1.1 (20)
P,
X} CPT ik,
1
C,= <0.3 21
7 37.3-8.27 « (q.n) 7 (1)
X T SPT iR 4,
1
c 3 (22)

= <0
18.9-2.55 - ./(N,) g

ﬁﬁ){% (qclN) cs BE%H% = 211 *n (Nl ) 60cs = 37 ’



% 4 KAk AR TRAT IR 6B £ E R AR R Tk AT AT < 177 -

AL BB C, BRI 0.3 e KIH, 5 MSF 2%
1, Boulanger Al Tdriss 77 K5 (q o) o TN, ) o 51
AFIK TR,

42 1EHHTIIH(CRR)

4.2.1 BRSBTS HURL (SPT)

N N ?
CRR7 §=exp{( ])6005+ ( 1)6()05 _
N 14. 1 126
N (N ¢
( 1)601‘5 + ( 1)60(;5 _2. 8} (23)
23.6 25.4
(N)) g0es = (N}) o +A(N, ) (24)
9.7 15.7 )’
A = 1. 63+
(N o CXP[ 03+ pcv0. 01 (FC+0.01] }

(25)
s A(N,) g HARIE AN ORL & B X (N,) o 4T
B IE(A
(N) g BLIEEFI A5G A (24) (25) #4731
B, FC N, AXITFE I (N,) .5 NCEER J7ik
THEL I ZS A 22 R, DR AR 40 RO R 1Y R
INF 3 m B, (N) o I FEAL 25%, Stk s
BB IR (N,) o 185 NCEER #[H], WA (9),
RJZARIE ST A RB & E R 8 C A (26) 4R
TR, B m T ZERYE (V) . 0157, B3C, )5,
RIEAK ()TN, o, BIFERIFH (V) e o

P\"
cgz(,j <1.7 (26)
a- vo

m=0.784-0.076 8./(N,) g (27)
4.2.2 AL (CPT)
(qC]N) (-,5+|:(quN) L‘Si|2_

CRR,,.,. S.o0=1 7 exp{

113 1 000
|:(qC1N)cs:|~+|:(quN)cs:| -2. 8} (28)
140 137

(qcuv) psi+%i{;g%5(Nl ) 6005?@[3] , R B
fi FC BHATIBIE,

(qein) o =qeintAq ey (29)
dcin 9.7 15.7)?
A = . 1.63- -
e (11'9+14.6] eXp[ FC+2 [FC+2) }
(30)
q
quN:CNeQCN:CNe[PC) (31)

St Agen, RO A B g, LA 0016 IE
H; Cy NBIERE, YWHEXS5AK(26)HFH,
fH m=1.338-0.249 (gy) """

5 XfLbordr

Al A A0 s DX AR 43 Ak T IAT 1Y 7K A b v
W, JECRHIE A R PSR, KERTE 0~ 40 m,
MR M 5 B LI 7, Z RIVENFL(SPT) 2 A
HKIX, fLIERRLN-10 m, FHIHKE; B R4
BifL (CPT) B P AEH AKX, LT &L N
-35m, A,

P 31T S R PN b 7 b e A R A, B
XA RPNV FLEEAT R FIWT, RIS R
B2, WK S, 6, Z RIVENFLIK
B FEEPERZMEIGIIZ, B RIVEAL
WAL L2000 TALRZE, AL b4 R AR
AR

1.0

0of %7
osf %
o7 22
2 osf Witk et
X osh
% 04}
0.3 X w’xfﬂ' A x ah u A
02t
01k

1 1 1 1 J
0 10 20 30 40 50
(Nl)éo(‘s

5 7 RIISHFLBAFIH (SPT)

1.0 . Bl6
* Bl
081 -BIO
. - Bll
0.6 .
& BI2
£
2 04r
o a
RE YR
02 e
1 1 Il Il 1
0.0 50.0 1000 1500 2000  250.0

(ain)es

6 B RIISHFLEAFIAI(CPT)

h T PR E AN T R e R E R,
KW R MR SPT 1 CPT &5 FLEEAT 43T
S OWE T, FEFIR S WALE, PR 4
20, FIA SPT &hFLHA i 2 4 R 3t



- 178 - K iE T A

2022 %

A=, MK CPT BhifLA A, BRI AW A
b+ )2, {5 Boulanger Fl Idriss J7 78IRS .

o] s FRAEBEA B B FS
U 0 20 40 0.5 15 25
1 r 1 '—'—‘
2r 2
3F 3
4 4
5r 5r
6r 6
7r 7F
8 r 8r
9 9r
‘E%( 10 i 10
53 nE 53 1
12+ 12
13 13
14 14
16 - 16
17 | 17
18 18
19 19
ol NCEER _
Boulangerfilldriss
a) SPT4EL
G a.MPa Fs
[\ KX 0 2 4 6 00 05 1.0 15
R r
M —
= | & &
53— JE3 53
=
= 2
=
s
=
= 3 R EER
10 BoulangerFilldriss
b) CPT45FL

B7 FRETHAERLHRIRE RS

5B, NCEER J7 i H0 v £k A=l Ak
(T e 4 76 80% LA I, 1M Boulanger il Idriss J5
NERBE | ANAURL Bt b R ) AR T U
NCEER J7k, GARpmik, BTRSERED,

FE A RS CPT 5 2 38 Ay 25 i b 4 B ) %
CPT #EZRBH T 052, H T3 CPT HEJRBH Iyl 5
(R TR S o SPT K50 32 AT 25 B 2 ROk 75 %)
PSR A2, DG, TP 00 WA T 12
NIRRT

Boulanger FI Idriss /5 V&AM T HAh 5 3, BE
AEG /22 AP SR I ek, [W)InF, ATt H [ Ak
B TIMERE R M IT 3k, 9 TR — 2k, AT
H % F Boulanger A1 Idriss 77 92 %t U4 B FL E 4TI
PR, AR AL Sk 45 1 28 B 0 3 o 2% 1 i OIS
FORHR MO R T SR B

N T RRE I T A, AR BEAT M R AL BRS Y
HJZHEAT TREGG USRS, JCHORL R i A5CR TR A R
AR R AT 5, T SPT #4Ef &, H5 4
B AL E I Z (R R AL CPT B E 5, M)
Z . MAEH] CPT #EJRBH 1 5 8 B e 4 br ] LU <7
TR, AR5, T A PEAR RE TS AR
W, JFH, CPT W T8GR 152, #HfEiR 2=
/N, RREE DD SRR R AR, BB
—MBAL T

6 it

1)3EF SPT {5, NCEER J7 ¥ fll Boulanger
M Idriss J7¥EL 2 R EHNA K T CPT K
¥, JaH B AR SE, NCEER J7 2 % i 3% Ak Fn
R AL B W] SE PR R, B BROA T B R . T
Boulanger J7 V& J&7E ] A6 J5 5 UK S BF 98 5 22 5 1Y)
Sohth s, BER A AT, XE AN TR Y
PEER

2) FEHEAT M L AL B () )R AT T AR B
fdiFH SPT #AEfT B, H 5 4 9 M JBa 22 ] () $i 8 45
CPT N5, NIz, A CPT W %
gL BERZEEDN

3) MR B RS, BT X AL RT B T &
R4S SPT 88 CPT K56 5 % NN 2 -+ J50RE ki A2
SrAihdk. AAMMIEN T, BRAMRLL -
PP BRI IR, JFE AR, AT
FHOC TR PR AL 4



KoMK R T RALRIE G A £ 3 E R AR A T ik AT e AT - 179 -

SE Lk

[1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

AL e FR A R (M //BREE, R A R T
TRHUE I H4E(1949—1989) AL 5T: HiE A, 1989.
PRI D, 28t INTR, 45 S0 AR AL DA B 5
EFR[D) . 55 9 D8R TARZAAR, 2021, 41(4) : 677-709, 733.
o [ AR S B R AT AR R TS GB 50011—
2010 [S].dbxt: A E A Tl ikt 2010.

HIREE A W B ITR TTBE. A+ TR I 2R R
GB 50021—2001 [S].4t5%: H RS T H AL, 2001.
SEED H B, IDRISS I M. Simplified procedure for evaluating
soil liquefaction potential[]J]. Journal of the soil mechanics
and foundations division, 1971, 97(9) : 1249-1273.

YOUD T L, IDRISS I M . Liquefaction resistance of soils:
Summary report from the 1996 NCEER and 1998 NCEER/
NSF workshops on evaluation of liquefaction resistance
of soils[J]. Journal of geotechnical & geoenvironmental
engineering, 2001, 127(4) : 297-313.

BOULANGER R W, IDRISS T M. CPT and SPT based lig-
uefaction triggering procedures [R]. California: Center for
Geotechnical Modeling Department of Civil and Environmental
Engineering University of California, 2014.

European Committee for Standardization. BS EN 1998-5:
2004. Eurocode 8. Design of structures resistance-Part 5:
Foundations, retaining walls and geotechnical aspects[S].
London: BSI, 2004.

YOUD T L, IDRISS T M. Summary report [C]// NCEER.
Proceeding of NCEER Workshop on Evaluation of Liquefaction

Resistance of Soils. New York: State University of New

[10]

[11]

[12]

[13]

[14]

[15]

[16]

York at Buffalo, 1997: 2-41.
ANDRUS R D . Liquefaction resistance based on shear
wave velocity[C]//NCEER. Proceeding of NCEER Workshop
on Evaluation of Liquefaction Resistance of Soils. New
York: State University of New York at Buffalo, 1997:
89-128.
HYNES M E, OLSEN R S. Influence of confining stress
on liquefaction resistance[J]. The national institute of
standards and technology special publications, 1999:
167-184.
LIAO S, WHITMAN R V. Overburden correction factors
for SPT in sand[J]. Journal of geotechnical engineering,
1986, 112(3) : 373-377.
ROBERTSON P K, WRIDE C E. Evaluating cyclic
liquefaction potential using cone penetration test[J] .
Canadian geotechnical journal, 1998, 35(3) : 442-459.
SEED H B, TOKIMATSU K, HARDER L F, et al.
Influence of SPT procedures in soil liquefaction resistance
evaluations[J]. Journal of geotechnical engineering, 1985,
111(12): 1425-1445.
KAYEN R E, MITCHELL J K, SEED R B, et al. Evaluation
of SPT-, CPT-, and shear wave-based methods for liquefaction
potential assessment using Loma Prieta data[C] // NCEER.
Proceedings from the fourth Japan-U.S..New York: State
University of New York at Buffalo, 1992: 177-204.
SEED H B, IDRISS I. M. Ground motions and soil liquefaction
during earthquakes[R]. Berkeley: Earthquake Engineering

Research Institute, 1982. (AXm# KILE)

239,239,239,299,239.999.239.999.939.939.939.099.939.239.933.239.939.239.939.239.993.239.999.239.993.939.239.939.099.933.299.933.239.933.239.939.239.993.239.999,239.993.239.939.939.039.239

(EEF 171 ®)

[4]

(5]

[6]

(7]

(8]

XMl DU AT J2 0 ) ) B8 0 2 M Tl 0T 9% B LA T
T2 BN D] . JRCER: PR 2SI K2, 2010.

TALAE, XIEAM, 2R, PRI A K E X A A vk fg
WIRHIFE[I] . A £ 1%, 2008, 29(5) : 1430-1434.
AIT-EPPING P, DIAMOND L W, HARING M O, et al.
Prediction of water-rock interaction and porosity evolution
in a granitoid-hosted enhanced geothermal system, using
constraints from the 5 km Basel-1 well[J]. Applied
geochemistry, 2013, 38: 121-133.

JEE, RMGER, XI5, 4. IR T A B A B KRR )
FRRRIS ] . A 15, 2017, 38(10) : 2847-2854.
KT, BT, #O0, 45 FOTEE R R TN A K
JERBERRALFIA ] . B4R, 2018, 43(9) : 2452-2460.

[9]

[10]

[11]

[12]

[13]

KA. B LLIEECE K- VR LI B v A8 I8 4
PEDFSE[D] . WHR: BUAR L TR, 2019.
eIl ok, ZRAREL, TEARR, 5. B AE DA B ) A
FRIELGE )] . HEBRAER, 2017, 45(10) - 1-7.
B, T, i, 55, MR XTRb & ) 2 vk
RS SO ES B FE 0] . TR B B 4, 2019,
36(3): 116-119.
SN, 509, AR, 45, ST PGB 2URG A8
PIGIFTEL] . A 125 TR 2R, 2018, 37(S2)
3805-3816.
XL, f AL, 2R, S5, KA T TFHCE Ak sk
RIEAHTI) . TERHUT AR, 2017, 25(6) : 1449-1454,
(hAXpi FED)



